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Abstract 
Mammalian morphological response to Cenozoic environmental change has long 
been studied.  Traditionally, the appearance of hypsodonty in equids is considered an 
adaptation to the introduction of abrasive material to the diet (e.g. grass), and has been 
used as a means of signifying the opening of environments.  However, the timing of the 
radiation of hypsodont equids conflicts with the paleobotanical appearance of grasses 
and, in fact, hyspodont dentition may not necessarily indicate the addition of grasses to 
the diet.  Despite the conflict arising between dentition and timing of environmental 
opening, other skeletal characters can be examined for morphological adaptation to 
environmental opening (e.g. cursoriality).   In an attempt to further explore ungulate 
adaptation to environment, I am evaluating the Order Artiodactyla for rate of cursorial 
evolution.  Artiodactyla was selected because of the availability of a large number of 
extant and extinct specimens and the fact that these ungulates emerged and radiated 
during the time of environmental opening.  This study represents novel research by 
exploring fusions and reductions in the number of distal limb elements across the entire 
order.  Reductions and fusions are important to cursoriality because they reduce the 
limb’s distal weight and render the distal limb elements more stable, allowing for faster 
and more efficient locomotion across open terrain. The spread of open environments 
(e.g., savannas), as a result of Cenozoic environmental change, might have provided an 
impetus for these types of cursorial adaptations.  Cenozoic environmental opening is 
believed to have occurred gradually, beginning as small patches of low-biomass 
vegetation in the Eocene, leading to short grasslands in the Oligocene, followed by the 
tall, modern grasslands of the Late Miocene.  With this in mind, my working hypothesis 
that the opening of environment drives cursorial adaptation, and therefore, rates of 
cursoriality should be highest from the Eocene to Late Miocene.  To test this, 306 
artiodactyls were analyzed for 47 discrete characters in limb morphology that were 
indicative of cursorial adaptations and recorded in Mesquite 2.72 (build 514).  I 
calculated the rate of limb evolution across the entire order and found that there was a 
very high peak throughout the Eocene, which has also been found in ungulates by a study 
examining metatarsal/femur ratios- a method used to determine cursoriality.  In addition, 
the earliest artiodactyls (about 55Mya) were already showing signs of cursoriality.  The 
evidence suggested by my results, metatarsal/femoral ratios and the morphology of the 
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earliest artiodactyls indicate that artiodactyls were evolving cursorial adaptations early on 
in their evolutionary history.  In addition to the high rate of the Eocene, I found a slight 
increase of rate during the Late Oligocene.  This increase in rate coincides with a 
dramatic increase in open habitat phytolith assemblages from the Great Plains of North 
America.  This may indicate that artiodactyl cursoriality rate was increasing simultaneous 
to North American environmental opening.  My hypothesis that the opening of 
environments drives cursorial adaptation is supported by the second, smaller peak of the 
Late Oligocene, but more research is needed to explore this drastically high rate of 
cursorial adaptation during the Eocene, which was considered to be a time of closed, 
widespread forests with few pockets of low-biomass vegetation. 
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CHAPTER 1 
 
INTRODUCTION 
 
The morphological response of mammals to environmental change has long been 
studied (Prothero 1999, Barnosky 2001, Prothero 2004).  Individual taxa react to climate 
change via alterations in abundance, genetics, morphology, and range distributions; these 
combined adaptations are then manifested at the community level through extinction 
events, immigrations, speciations, and functional and biotic turnovers (Blois and Hadly 
2009).  The exact mechanistic link between taxonomic richness (i.e. numbers of taxa) and 
global temperature is not clear (e.g. there is no evidence to expect more species with a 
warmer planet, and fewer with a cooler planet).  Although studies have concluded that 
there is little correlation between global temperature and mammalian richness during the 
Cenozoic (Prothero and Heaton 1996, Prothero 1999, Alroy et al. 2000, Barnosky and 
Carrasco 2002, Prothero 2004), it can be expected that some mammals may be prone to 
morphological adaptations brought on by environmental changes.  Ungulates (e.g., 
horses, antelope, pigs, camels) are likely candidates because they consume vegetation and 
employ locomotory strategies specific to their environments.  In addition, studies have 
demonstrated a tight link between habitat and ungulate craniodental (e.g., Janis 1995, 
Spencer 1995, Pérez-Barbería and Gordon 2001, Mendoza et al. 2002, Solounias and 
Semprebon 20020 and postcranial morphologies (e.g., Scott 1985, Kappelman 1988, 
Mendoza and Palmqvist 2006, Plummer et al. 2008).  Open environments (e.g. 
shrublands, steppes, savannas, grasslands) originate and spread from the Eocene to the 
late Miocene.  During the Cenozoic, ungulates radiate, presumably due to the emergence 
of grassy vegetation as a new food source (MacFadden 1992). The coinciding emergence 
of open environments and the radiation of ungulates allow us to examine the relationship 
of ungulate adaptation to environmental change. 
Hypsodonty is one of the most conspicuous morphologic adaptations of 
mammalian dentitions, and accordingly, has been one of the most frequently cited 
examples of mammalian adaptation to the opening of environment (e.g. MacFadden and 
Cerling 1994, Jernvall et al. 1996, MacFadden 2000, Mihlbachler and Solounias 2006, 
Janis 2007).  Traditionally, the mid-Miocene transition in equid (e.g. horses and their 
relatives) dental morphology from the low-crowned, brachyodont teeth of browsers to the 
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high-crowned, cement-covered hyspodont teeth of grazers is considered to be a response 
to the introduction of abrasive material (e.g. grasses, dust and grit) to the diet, which 
causes increased tooth wear (Janis and Fortelius 1988, MacFadden and Cerling 1994).   
However, several lines of evidence are not consistent with this traditional 
scenario.  First, the abundance of open habitat grass phytoliths dramatically increases 
four million years prior to the evolution of hypsodont equids (Strömberg 2006), 
suggesting a delayed response in the evolution of mammalian dental morphology to the 
opening of environments.  Second, dental microwear and isotopic data suggest the 
inseparable link between hypsodonty and a grazing diet might not necessarily be true.  
Specifically, these data suggest the diets of many of the later Miocene equids actually 
consisted of a large portion of browse and were not restricted to grass (Hayek et al. 1992, 
MacFadden et al. 1999).  Finally, evidence from paleosol chemistry and composition 
suggests that the evolution of open environments occurred through the sequential 
appearance and spread of early rangelands during the Eocene-Oligocene transition, short 
grasslands, and finally, the tall grasslands of the Middle Miocene (Retallack 1997).  This 
sequence suggests the opening of the environment was a gradual process and cannot be 
pinpointed with one event.  Together, these three lines of evidence suggest the spread of 
grasslands (and other open environments) might have preceded the evolution of 
hypsodont horses by several million years.  This diachroneity can be tested further using 
other aspects of ungulate morphology with known links to environment.  To remedy this 
situation, in this study I investigate the evolution of the ungulate postcranial skeleton 
during the Cenozoic, and the implications of this record for environmental change. 
Ungulate limb morphology closely reflects locomotory behavior (Kappelman 
1988, Janis et al. 2002a).  Ungulates inhabiting open environments require fast and 
efficient locomotion to traverse the terrain.  This is accomplished by increasing the length 
and rate of the stride by elongating and tapering the limb (i.e. moving the center of 
gravity proximally) (Lull 1904).  Both of these morphological changes are accompanied 
by reductions or fusions in limb elements (see Fig. 1.1).  Less energy is expended during 
locomotion by reducing the weight of the distal limb through the fusion and reduction of 
the zeugopodal (e.g. ulna and radius in the forelimb, and tibia and fibula in the hindlimb) 
and autopodal (e.g. carpal, metacarpal and phalanx in the forelimb, and tarsal, metatarsal 
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and phalanx in the hindlimb) elements (Lull 1904, Howell 1944, Coombs 1978).   
Additionally, fusions can strengthen elongated limb elements (e.g., one long cannon bone 
is stronger than two separate metatarsals; (Alexander 1968), allowing for a sturdier foot.   
Such fusions and reductions have been commonly associated with open-habitat 
locomotion (e.g. cursoriality), but despite their importance the relationship between the 
clade-wide evolution of these reductions and changing environments remains unknown.  
A few studies have empirically demonstrated a link between cursorial morphologies and 
habitat (Kappelman 1988, Plummer et al. 2008).  Morphologies can be related to habitat 
by performing morphometrics on extant, ungulate limb bones.  These links can then be 
applied to extinct organisms to infer habitats.  However, these studies have not studied 
the specific discrete characters related to cursoriality. 
Open habitats originated during the early Cenozoic in North America, South 
America, Africa, and Eurasia (Jacobs et al. 1999).  The North American continent has 
been the focus of researching Cenozoic environmental opening, using paleosols, 
phytoliths, isotope ratios, and ungulate morphologies (Retallack 1997, Jacobs et al. 1999, 
Janis et al. 2002b, Strömberg 2002, Fox and Koch 2003, Strömberg and Feranec 2004).  
Plant macrofossils (MacGinitie 1969), paleosols (Sheldon and Hamer 2010), and 
phytoliths (Strömberg 2005) suggest low-biomass vegetation (sensu Leopold et al. 1992; 
e.g. sagebrush, steppe, savanna, grassland) emerged during the Eocene-Oligocene 
transition in areas of North and South America.  Widespread grasslands were 
undoubtedly present by the late Miocene (9-4Ma) (Jacobs et al. 1999).  However, the 
exact global environmental conditions from the Eocene to middle Miocene, (55-15Mya) 
remain largely unknown. 
If the spread of open environments occurs during this time, and, if the opening of 
environments drives cursorial adaptation, rates of cursoriality should be highest during 
this interval.  Therefore, in this project, I investigated the pattern and rate of fusions and 
reductions of limb morphology in the Order Artiodactyla (e.g. even-toed, hoofed 
mammals, i.e. pigs, camels, hippos, antelope, giraffe).  Because of their importance in 
cursorial locomotion, the evolution of these characters was taken to be representative of 
the evolution of cursoriality itself.  As I am interested in organismal adaptation to the 
opening of environments, I then compared this rate and pattern of cursorial evolution in 
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artiodactyls with what is known about Cenozoic environmental change.  Using this 
approach, I here test my working hypothesis that the opening of environment drives 
cursorial adaptation, and therefore rates of cursoriality should be highest during the 
spread of open environments.  This study represents a novel contribution, as previous 
studies have not analyzed postcranial morphology in a phylogenetics context across the 
entire clade. 
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Table 1.1: Discrete limb characters used in analysis.   
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CHAPTER 2 
 
MATERIALS AND METHODS 
 
Taxon Selection 
 The Order Artiodactyla was targeted because it contains abundant extant and 
extinct taxa, possesses an extensive fossil record, and the order originates in the Early 
Eocene (about 55Mya) and continuously diversifies throughout the interval of the spread 
of open environments.  I sampled taxa at the genus level because the morphology of 
genera is typically more completely known than for individual species.  The fossil record, 
at the species level, can be incomplete, or an individual species may only be defined by 
cranial remnants, which cannot be utilized in this study.  As such, I generally assumed 
that the coded morphology characterized all species of a genus, with some noted 
exceptions (e.g. Anoplotherium).  I targeted artiodactyls worldwide because this allows 
for any errors that could have resulted from migration.  For example, a narrow 
geographic focus on a single continent might mistake immigrations of taxa with 
previously unobserved character states (e.g., fusion of two bones) as derivations of those 
states, despite the fact that these derivations might have preceded the immigration event 
by a considerable amount of time.  My phylogenetics approach allows me to estimate the 
date of character state change irrespective of its geographic distribution. 
 Of the 38 families (sensu McKenna and Bell 1997) comprising the order 
Artiodactyla, 34 families were incorporated into this study, with 306 total genera.  Of the 
716 artiodactyls known to date, 296 were coded for cursoriality adaptations (see 
Appendix).  Because I incorporated all known artiodactyl limb material, my study 
includes a good taxonomic phylogenetic representation of artiodactyls, despite the 420 
artiodactyls not included in this study. 
 
 
Character Determination 
 I surveyed literature for descriptions and figured specimens of postcranial 
material for as many genera as possible.  I also examined skeletons of extant artiodactyls 
housed in the Department of Zoology at the Field Museum of Natural History (FMNH).  I 
recorded all observed reductions or fusions of limb skeletal elements as a discrete 
character matrix using Mesquite version 2.72 (build 514) (Madison and Madison 2008).  
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All characters included the fusion or reduction of all digits, metacarpal/metatarsal and 
zeugopod elements (e.g. 47 characters total) (see Fig 1.1 and Table 1.1).  I evaluated 
several individuals from each genus when possible to determine if any odd fusions in 
morphology were specific to a particular specimen (e.g. poorly healed injury, anomaly) 
or were found across a variety of members in the genus.  If the number of individuals 
found with odd fusions was roughly equal to the number of individuals without fusions, 
then a second taxon was added to the database (e.g. Moschus, Moschus2).  If an 
individual species had unique reductions to that genus, then the individual species (e.g. 
Pecari tajacu) was coded in the database.   
 
 
Character Analysis 
I constructed two consensus trees, based on the general arrangements of Geisler et 
al. (2007) and Spaulding et al. (2009) (see Fig. 2.1). Relationships within smaller clades, 
typically families, were taken from the most recent estimates (e.g. Oreodontidae from 
(Lander 1998), Camelidae from (Honey et al. 1998)), Anthracotheriidae from (Lihoreau 
and Ducrocq 2007), Suidae from (Orliac et al. 2010), Tayassuidae from (Wright 1998), 
Protoceratidae from (Prothero 1998), Antilocapridae from (Janis and Manning 1998a), 
Dromomerycidae from (Janis and Manning 1998b), Cervidae from (Vislobokova 2009) 
(in part) and (Gilbert et al. 2006) (extant), Giraffidae from (Solounias 2007), Bovidae 
from (Decker et al. 2009) (extant), and Tragulina from (Métais and Vislobokova 2007).  
Conflict and uncertainty in tree position (e.g. ‘Tragulina’) were typically reduced to 
polytomies, rather than assume one specific set of relationships.  This was done because 
the phylogenetics relationships of these groups are not known, and I did not want to 
assume relationships among clades. 
 One thousand pseudoreplicate analyses were performed with the following 
procedures.  First, I arbitrarily resolved all polytomies in the consensus tree to yield an 
entirely bifurcated tree.  Next, I assigned first appearance dates (FAD) to all sampled taxa 
drawn randomly between the maximum and minimum age estimates for their FAD (see 
Appendix).  I then dated all nodes on the tree initially using the oldest descendant of each 
branch of a node.  Due to the stochastic nature of sampling in the fossil record, some 
nodes had several descendants with virtually identical FADs.  To prevent this artifactual 
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buildup of zero-length branches, I adjusted the age of all the internal nodes backwards in 
time in a preorder transversal of the tree (i.e. beginning with the descendants of the root 
node and working to the tips).  In this procedure, I randomly assigned each internal node 
an age between their initial age estimate and the adjusted age of their ancestral node.  I 
used parsimony to reconstruct character-state changes throughout the tree.  I assigned 
ages to each reconstructed change drawn randomly between those of the branch’s 
ancestral and descendant nodes.  To estimate rates of character evolution over time, I 
subdivided the Cenozoic into 33 intervals of 2Ma and determined the rate of evolution by 
dividing the number of reconstructed changes by per branch per million year. 
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Figure 2.1: Artiodactyl rate of evolution across the Cenozoic as determined using Geisler 
et al (2007) phylogenetic data. 
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CHAPTER 3 
 
RESULTS 
 
Both the Geisler et al. (2007) and Spaulding et al. (2009) trees produced 
qualitatively similar patterns, so I discuss only the Geisler et al. (2007) results (see Fig. 
2.1).  There is a high rate with some apparent variation throughout the Paleocene (e.g., 
55Ma-35Ma).  However, evolutionary rates during this time are probably exaggerated 
because preserved limb elements are available only for a small proportion of taxa known 
from this interval, and I excluded the remaining taxa known from the analysis.  
Therefore, the few observed changes are distributed among relatively few taxa, resulting 
in an anomalously high per-lineage rate of evolution; it is likely that all known taxa are 
included.  After the high rate throughout most of the Eocene, there is a gradual decrease 
the throughout the Late Eocene and Early Oligocene.  This is followed by a slight 
increase in the Late Oligocene-Early Miocene after a 4Myr lull.  An apparent rise in 
evolutionary rate during the Pliocene is an artifact of highly incomplete sampling of 
pecoran ruminants from this interval.  In this study, we only included taxa with published 
descriptions or figures of limb elements, and we did not assume any postcranial 
characters.  Unfortunately, many bovid and cervid taxa are known only from cranial 
appendages or dental fragments and were therefore excluded from this study.  Therefore, 
the number of lineages included in the analysis actually decreases in this interval because 
of this incomplete sampling, so the rate reacts similarly to the exaggerated high rate of 
the Eocene (Fig. 3.1). 
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Figure 3.1: Lineage per million year across the Cenozoic.  Note the decrease in lineage 
5-1Ma.   
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CHAPTER 4 
 
DISCUSSION 
 
My working hypothesis is that environmental opening drives artiodactyl cursorial 
adaptations.  This is possible if environmental change and mammalian morphological 
response are coupled.  Cursorial morphologies (e.g. tapering of limbs, fusion and 
reduction of limb elements) have been considered to be a response to opening of the 
environment (Kowalevsky 1873, Lull 1904, Howell 1944, Coombs 1978, Sinclair 1983), 
and have even been noticed in the earliest artiodactyls.  Primitive artiodactyls from the 
early Eocene (about 55Mya) were already beginning to show sings of cursoriality, 
including elongated limbs and the double-pulley astragalus (Rose 1982, 1985, Thewissen 
and Hussain 1990).  If these early cursorial adaptations are linked to environment, then 
areas of low-biomass vegetation should be present during the Eocene. 
Widespread forests occur across the Eocene of North America, areas of Eurasia 
(Leopold et al. 1992), and Australia (Jacobs et al. 1999), but grass pollen and other 
evidence of low-biomass vegetation has also been found on these continents as well as 
South America, India, and Africa (Jacobs et al. 1999).  This suggests that, although 
forests were the dominant vegetation, there were areas of low-biomass vegetation by the 
Eocene.  This evidence supports the idea that the opening of environments was a gradual 
process, starting with early rangelands in the Eocene, and finally the radiation of tall 
grasslands in the Middle Miocene (Retallack 1997).  If environment and morphology are 
coupled, the evolutionary rate of artiodactyls should be elevated during this transition in 
vegetation, from early rangeland to later tall-grasslands.  In fact, my research suggests 
there is an elevated evolutionary rate throughout the Eocene (see Fig 2.1, which is 
supported by (Janis and Wilhelm 1993).  In their study, they found that there is a general 
trend among metatarsal/femoral (MT/F) ratios of ungulates for increased cursoriality 
during the Eocene.  MT/F ratios are indicative of degree of cursoriality, with more 
cursorial organisms having higher ratios (Steudel and Beattie 1993).  The combined 
evidence of cursoriality in early artiodactyls, Janis and Wilhelm’s (1993) study, and 
results from my study suggest that artiodactyls were undergoing early morphological 
adaptations in response to environmental opening.   
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Although artiodactyls appear to have an early appearance of cursoriality, 
presumably due to primitive rangelands, the high evolutionary rate does not continue into 
the Oligocene and Miocene.  This is interesting because low-biomass vegetation 
continued to spread during this time, and, if cursoriality is a morphological response to 
environmental opening, then the rate should also be increasing during a time of greater 
low-biomass vegetation.  Fossil floras and vertebrate dental morphologies from the 
Oligocene of North America actually suggest that there was a several million years delay 
in artiodactyl morphological response to environmental change (MacGinitie 1969, 
Gregory 1971).  This idea may be reflected in the slight increase in evolutionary rate 
about 25Mya (see Fig 2.1).  The rate amplification at this time may be a delayed 
morphological response in artiodactyls to environmental change during the Late 
Oligocene.  The increase at 25Ma is not considered an artifact because of a 4 million year 
lull in evolutionary rate preceding the sudden increase.   
 However, the increase in rate during the Late Oligocene may not be a delayed 
morphological response, but rather may be coincident and, thereby, indicative of gradual 
environmental opening.  Late Oligocene/Early Miocene (26-22Ma) phytolith 
assemblages from the Great Plains of North America show a dramatic increase in the 
relative abundance of open habitat phytoliths (e.g. grasses) (Strömberg 2005).  This may 
indicate that artiodactyl cursoriality rate was increasing simultaneous to North American 
environmental opening.  Late Oligocene-Early Miocene phytolith assemblages from other 
continents are currently equivocal to what was occurring on a global scale (Strömberg et 
al. 2007a, Strömberg et al. 2007b). 
It has been assumed, for hundreds of years, that the tapering of limbs, and the 
fusion and reduction of limb elements are cursorial, morphological responses to 
environmental opening (Kowalevsky 1873, Lull 1904, Howell 1944, Coombs 1978, 
Sinclair 1983).  However, it is also possible that environment and morphology are 
uncoupled and that environment has no effect on mammalian morphological evolution.  
If this were true, everything believed about cursoriality would be not necessarily be true.  
Studies have already pointed out the confusing nature of the term, ‘cursoriality’ and have 
argued that the meaning has been changed since its historical use (Stein and Casinos 
1997).   
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Other hypotheses exist that may explain the rate patterns found in this study.  For 
example, perhaps cursoriality was a rare morphotype amongst Eocene mammals.  
Perhaps the earliest artiodactyls were able to successfully exploit niches in the pockets of 
low-biomass vegetation present in the Eocene.  Their limb morphologies may have 
become more cursorial, after being exposed to these open environments over millions of 
years.  In addition, if the dominant mammalian forms (e.g. rhinos and brontotheres 
(perissodactyls, e.g. odd-toed, hoofed mammals) and oreodonts (artiodactyls)) were 
graviportal (e.g. short-limbed, large bodies), then a large portion would not have been 
included in my study.  If I were to incorporate the perissodactyls into my study, it may 
affect the rate negatively, bringing cursorial adaptation closer to zero. 
Regardless, more research is needed to explore ungulate morphological response 
to environmental change.  I would be interested in correlating the limb morphometrics of 
extant ungulates to habitats, as previous studies have done, to provide more evidence for 
paleofaunal response to environmental change during the Cenozoic (Kappelman 1988, 
DeGusta and Vrba 2003, Plummer et al. 2008).  Furthermore, a detailed survey of 
cursorial adaptations across the sister group of artiodactyls, the Order Perissodactyla, is 
needed to determine if rates of cursorial adaptation are similar to the rates found in 
Artiodactyla.  Perissodactyls and artiodactyls coexisted in similar environmental 
conditions; combining the results of perissodactyl cursorial adaptation with the results of 
this study would determine if a single selective pressure was driving ungulate evolution 
throughout the Cenozoic.   Another question that could be studied is when particular 
evolutionary changes occur amongst artiodactyl families.  It is possible that all major 
limb reductions evolved during the Oligocene.  A study exploring future possible 
reductions in extant members of Artiodactyla (e.g. suids still retain four digits), coupled 
with the discovery of more postcranial fossils, could give an idea of the character history 
of the clade.  In addition, more paleobotanical evidence from phytoliths, macrofloras and 
paleosols from a greater geographic distribution across all continents would provide 
further information of environmental change during the Cenozoic, and, consequently, 
how mammals adapt morphologically to the opening of environments. 
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CHAPTER 5 
 
CONCLUSIONS 
 
Taken at face value, patterns of limb reduction in artiodactyls suggest that 
artiodactyls adopted cursoriality early in their evolutionary history.  This suggests that 
they were already adapting to the emergence of primitive rangelands in the Eocene.  
Despite this, there is not another peak in evolutionary rate until the Late Oligocene.  The 
Oligocene was a time of increasing spread of low-biomass vegetation, so it should seem 
that artiodactyls would continue evolving cursorial adaptations.  However, evidence from 
paleofloras and fossil dentition from past studies suggest that there was a delay in 
ungulate morphological response to environmental change (MacGinitie 1969, Gregory 
1971), which may be reflected in the slight increase of rate around 25Ma.  Future studies 
of artiodactyl character history, cursorial patterns in perissodactyls, and paleobotanical 
evidence will further clarify the relationship between ungulate limb morphology and 
timing of environmental opening during the Cenozoic. 
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APPENDIX: FIRST APPEARANCE DATES (FAD) FOR ARTIODACTYLA 
GENERA 
 
 Fomax Fomin 
Achaenodon 49.3 49.2 
Aclistomycter 42.7 42.3 
Acoessus 48.6 37.2 
aCommune 37.2 33.9 
Acotherulum 33.9 28.4 
Acteocemas 23.03 15.97 
Addax 0 0 
Adjiderebos 3.6 1.81 
Aepinacodon 46.8 46.7 
Aepycamelus 19.6 19.6 
Aepyceros 5.33 3.6 
Afromeryx 23.03 15.97 
Agalmaceros 0.126 0.0115 
Agriochoerus 44.5 44.4 
Aguascalientia 21 21 
Aksyiria 48.6 37.2 
Alcelaphus 3.6 1.81 
Alces 0.1 0.1 
Alephis 4.2 3.6 
Aletomeryx 21.1 20.5 
Alforjas 11.5 11.5 
Allocaenelaphus 0.781 0.126 
Ammodorcas 0 0 
Ammotragus 0.126 0.0115 
Ampelomeryx 17 16 
Amphimeryx 37.2 33.9 
Amphimoschus 20 15.97 
Amphiprox 11.5 9.7 
Amphirhagatherium 48.6 40.4 
Amphitragulus 28.4 23.03 
ANCESTOR 69 65 
Ancodon 36.8 36.8 
Andegameryx 22.1 20 
Anoa 0.126 0.0115 
Anoplotherium 48.6 37.2 
Anthracobunodon 48.6 37.2 
Anthracochoerus 33.9 28.4 
Anthracohyus 48.6 37.2 
Anthracokeryx 48.6 37.2 
Anthracosenex 48.6 37.2 
Anthracothema 48.6 37.2 
Anthracotherium 33.9 28.4 
Antiacodon 53.5 53.5 
Antidorcas 3.6 1.81 
Antifer 3 1.2 
Antilocapra 1.4 1.4 
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Antilope 11.61 5.33 
Antilospira 5.33 3.6 
Apriculus 42 41.9 
Archaeomeryx 48.6 37.2 
Archaeopotamus 7.5 1.8 
Archaeotherium 37.2 37.1 
Archaeotragulus 37.2 33.9 
Argyrohyus 3.6 1.81 
Arretotherium 25 25 
Arvernoceros 3.2 2 
Asiagenes 23.03 15.97 
aSp 37.2 33.9 
Atopotherium 37.2 33.9 
Aumelasia 55.8 48.6 
Aureliachoerus 23.03 15.97 
Australocamelus 18.7 18.6 
Auxontodon 45.3 45.2 
Awashia 3.6 1.81 
Axis 3.6 1.81 
Babyrousa 0.126 0.0115 
Bachitherium 33.9 28.4 
Bakalovia 48.6 37.2 
Barberahyus 15.97 11.61 
Barbouromeryx 22.2 22.1 
Bathygenys 38.6 38.6 
Bathyleptodon 0.126 0.0115 
Beatragus 3.6 1.81 
Bedenomeryx 28.4 23.03 
Benicerus 15.97 11.61 
Birgerbohlinia 8.7 7.5 
Bison 2 2 
Blancocamelus 3.3 3.3 
Blastoceros 0.8 0.781 
Blastomeryx 22.9 22.9 
Blickohyus 33.3 30.8 
Blickomylus 20.7 20.6 
Blickomylus2 20.7 20.6 
Bohlinia 11.1 8.7 
Boocercus 0 0 
Boochoerus 28.4 23.03 
Boopsis 0.781 0.126 
Bootherium 1.81 0.5 
Boreameryx 4.5 4.5 
Bos 0.781 0.126 
Boselaphus 0.126 0.0115 
Bothriodon 36.9 36.9 
Bothriogenys 37.2 33.9 
Bouromeryx 22.9 22.9 
Brabovus 5.33 3.6 
Brachycrus 18.3 18.2 
	   24	  
Brachyhyops 38.8 38.7 
Brachyodus 48.6 37.2 
Bramatherium 11.61 5.33 
Brasiliochoerus 0.781 0.126 
Bretzia 7.3 7.2 
Bubalus 3.6 1.81 
Bucapra 1.81 0.781 
Budorcas 0.126 0.0115 
Bugtimeryx 22.1 16.6 
Bugtitherium 28.4 23.03 
Bunobrachyodus 33.9 28.4 
Bunolistrodon 23.03 15.97 
Bunomeryx 43 43 
Bunophorus 55.4 50.3 
Buxobune 48.6 37.2 
Cadutherium 48.6 37.2 
Caenomeryx 33.9 28.4 
Cainochoerus 5.33 3.6 
Cainotherium 33.9 28.4 
Cambayella 11.61 5.33 
Camelodon 48.6 37.2 
Camelops 4.1 4.1 
Camelus 7.3 5.33 
Candiacervus 0.126 0.0115 
Canthumeryx 23.03 15.97 
Capra 9.7 6.8 
Capraoryx 1.81 0.781 
Capreolus 3.6 1.81 
Capricamelus 2.8 2.8 
Capricornis 0.126 0.0115 
Capromeryx 11.7 11.7 
Caprotragoides 15.97 11.61 
Catagonus 10.1 10.1 
Catodontherium 48.6 37.2 
Cebochoerus 55.8 48.6 
Celebochoerus 3.6 1.81 
Cephalophus 3.6 1.81 
Ceratomeryx 4.9 1.8 
Cervalces 1.81 0.2 
Cervavitulus 11.1 8.7 
Cervavitus 8.7 7.25 
Cervus 2.7 0.019740313 
Chaenohyus 23.03 15.97 
Charitoceros 1.81 0.781 
Chleuastochoerus 11.61 5.33 
Choeromeryx 23.03 15.97 
Choeropotamus 48.6 37.2 
Chorlakkia 55.8 48.6 
Climacoceras 15.97 11.61 
Connochaetes 3.6 1.81 
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Conohyus 23.03 15.97 
Cosoryx 16.8 16.7 
Cranioceras 15.4 15.4 
Criotherium 8.7 6.8 
Croizetoceros 7.3 5.33 
Cryptomeryx 33.9 28.4 
Csakvarotherium 7.9 5.33 
Cuisitherium 55.8 48.6 
Cuyamacamelus 16.6 16.1 
Cyclopidius 28.4 23.03 
Cynorca 24.8 24.7 
Dacrytherium 55.8 48.6 
Daeodon 28.4 23.03 
Dama 3.2 2 
Damalacra 5.33 3.6 
Damalavus 15.97 11.61 
Damaliscus 3.6 1.81 
Damalops 3.2 2 
Dayohyus 28.4 23.03 
Decennatherium 15.97 11.61 
Delahomeryx 21.1 21 
Desmatochoerus 26.3 26.2 
Diacodexis 56.1 56 
Diacodexis_metsiacus 55.7 55.6 
Diacodexis_metsiacus2 55.7 55.6 
Diacodexis_secans 54.3 54.3 
Diamantohyus 23.03 15.97 
Dichobune 48.6 37.2 
Dichodon 48.6 37.2 
Dicotyles 14.9 14.8 
Dicrocerus 20 15.97 
Dinohyus 25.2 25.1 
Diplobune 48.6 37.2 
Diplobunops 48.6 37.2 
Diplopus 37.2 33.9 
Doliochoerus 33.9 28.4 
Dorcabune 15.97 11.61 
Dorcadoryx 11.61 5.33 
Dorcadoxa 11.61 5.33 
Dorcatherium 20 15.97 
Dorcatragus 0 0 
dPakistanensis 55.8 48.6 
Dremotherium 33.9 28.4 
Drepanomeryx 17.2 17.2 
Dromomeryx 18 18 
dSp 56.1 56 
Dubiotherium 28.4 23.03 
Duboisia 0.781 0.126 
Dulcidon 48.6 37.2 
Dyseohyus 15.1 15 
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Dyseotylopus 28.4 23.03 
Dytikodorcas 7.3 5.33 
Egatochoerus 37.2 33.9 
Elachistoceras 15.97 11.61 
Elachistotherium 48.6 37.2 
Elaphodus 0.781 0.126 
Elaphurus 3.2 2 
Elomeryx 33.7 33.7 
Entelodon 37.2 33.9 
Eoentelodon 48.6 37.2 
Eostyloceros 8.7 5.33 
Eosyncerus 5.33 3.6 
Eotragus 20 15.97 
Eotylopus 39.8 39.7 
Ephelcomenus 55.8 48.6 
Epigenetochoerus 23.03 15.97 
Epileptobos 0.781 0.126 
Eporeodon 28.8 28.7 
Euceratherium 1.5 1.4 
Eucladoceros 3.2 2 
Eucrotaphus 33.4 27.7 
Eulamaops 0.126 0.0115 
Eumaiochoerus 11.61 5.33 
Eumeryx 33.9 28.4 
Euprox 13.8 11.61 
Eurolistriodon 16.9 16 
Euthyceros 3.6 1.81 
Eygalayodon 48.6 37.2 
Fenhoryx 3.2 2 
Floridachoerus 21.9 21.9 
Floridatragulus 21.7 21.7 
Gallogoral 3.2 2 
Gangicobus 1.81 0.781 
Gazella 23.03 15.97 
Gazellospira 3.2 2 
Gelocus 33.9 28.4 
Genetochoerus 33.9 28.4 
Gentilicamelus 25.6 25.5 
Gentrytragus 15.97 11.61 
Georgiomeryx 13.8 11.61 
Gervachoerus 48.6 40.4 
Gigantocamelus 5 4.9 
Giraffa 7.9 5.33 
Giraffokeryx 15.97 11.61 
Gobiocerus 23.03 15.97 
Gobiohyus 48.6 37.2 
Gobiomeryx 37.2 33.9 
Gonotelma 23.03 15.97 
Hadrohyus 28.4 23.03 
Hadroleptauchenia 33.9 28.4 
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Hallebune 48.6 37.2 
Hanhaicerus 33.9 28.4 
Haplobunodon 48.6 37.2 
Haplomeryx 48.6 37.2 
Haquenia 48.6 37.2 
Hayoceros 0.6 0.6 
Helladotherium 7.9 5.33 
Helohyus 49.1 49 
Hemiauchenia 12.3 12.2 
Hemibos 1.81 0.781 
Hemichoerus 37.2 33.9 
Hemimeryx 28.4 23.03 
Hemitragus 3.6 1.81 
Hendryomeryx 43.4 43.3 
Heothema 37.2 33.9 
Heptacodon 46.8 46.7 
Hesperhys 21.9 21.9 
Hesperocamelus 18.8 18.8 
Heteromeryx 38.5 38.4 
Heteroprox 13.8 11.61 
Hexacodus 53.1 53 
Hexameryx 10 10 
Hexaprotodon 5.9 5.9 
Hexobelomeryx 10.3 10.2 
Hezhengia 11.61 5.33 
Hidrosotherium 37.2 33.9 
Hippocamelus 1.2 0.8 
Hippohyus 11.61 5.33 
Hippopotamodon 11.61 5.33 
Hippopotamus 4.1 3.36 
Hippotragus 3.6 1.81 
Hispanodorcas 8.7 5.33 
Hispanomeryx 15.97 11.61 
Homacodon 47.7 47.7 
Homoiodorcas 15.97 11.61 
Honanotherium 8.7 5.33 
Hoplitomeryx 11.1 8.7 
Huabeitragus 11.61 5.33 
Huananothema 37.2 33.9 
Hydaspicobus 11.61 5.33 
Hydaspitherium 11.61 5.33 
Hydropotes 0 0 
Hyemoschus 0.126 0.0115 
Hyemoschus2 0.126 0.0115 
Hylochoerus 0.126 0.0115 
Hylomeryx 47.3 47.2 
Hyotherium 23.03 15.97 
Hyperdichobune 48.6 37.2 
Hypertragulus 39.1 39 
Hypisodus 37.8 37.7 
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Hypisodus2 37.8 37.7 
Hypsiops 28.6 28.4 
Hypsodontus 15.97 11.61 
Ibarus 42.9 42.8 
Iberomeryx 33.9 28.4 
Ilingoceros 11.6 11.6 
Indohyus 55.8 48.6 
Indomeryx 48.6 37.2 
Injanatherium 11.1 8.7 
Ioribos 5.33 3.6 
Irrawadymeryx 48.6 37.2 
Ithygrammodon 48.6 37.2 
Kabulicornis 5.33 3.6 
Karsimatherium 7.9 5.33 
Kenyapotamus 15.97 11.61 
Kenyasus 23.03 15.97 
Khirtharia 55.8 48.6 
Kipsigicerus 15.97 15.97 
Kobikeryx 11.61 5.33 
Kobus 11.61 5.33 
Kolpochoerus 11.61 5.33 
Korynochoerus 15.97 11.61 
Krabimeryx 37.2 33.9 
Krabitherium 37.2 33.9 
Kubanochoerus 15.97 11.61 
Kubanotragus 13.7 11.61 
Kukusepasutanka 24.8 24.7 
Kunmunella 55.8 48.6 
Kyptoceras 13.2 6.4 
Lagomeryx 17 16 
Lama 3.6 1.81 
Lambdoceras 20.4 20.4 
Lantiantragus 11.61 5.33 
Laredochoerus 46.6 46.5 
Leptauchenia 33.8 33.7 
Leptobos 8.7 4.2 
Leptochoerus 35.1 35.1 
Leptomeryx 39.5 39.4 
Leptomeryx2 39.5 39.4 
Leptoreodon 46.9 46.8 
Leptotheridium 48.6 37.2 
Leptotragulus 44.8 44.7 
Libycochoerus 23.03 15.97 
Libycosaurus 13 11.1 
Lijiangocerus 0.126 0.0115 
Limeryx 48.6 37.2 
Limnenetes 37 36.9 
Listriodon 15.97 11.61 
Litocranius 0.781 0.126 
Longirostromeryx 13.5 13.4 
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Lophiobunodon 48.6 40.4 
Lophiohyus 48.6 37.2 
Lophiomeryx 33.9 33.9 
Lophochoerus 11.61 5.33 
Lopholistriodon 15.97 11.61 
Lorancameryx 22.1 20 
Lucentia 8.7 5.33 
Lutzia 48.6 37.2 
Lyrocerus 5.33 3.6 
Macedonitherium 3.2 2 
Machaeromeryx 21.7 21.7 
Macrogenis 11.9 11.9 
Macrotragus 11.61 5.33 
Madoqua 5.33 3.6 
Makapania 3.6 1.81 
Malaquiferus 43.6 43.5 
Maremmia 8.7 5.33 
Masillabune 48.6 40.4 
Masritherium 23.03 15.97 
Mazama 0.7 0.7 
Mediochoerus 15.1 15.1 
Megabathygenys 37.2 33.9 
Megacamelus 7.4 7.4 
Megaceroides 3.2 2 
Megachoerus 36.4 36.3 
Megaloceros 0.781 0.126 
Megalotragus 3.6 1.81 
Megalovis 3.6 1.81 
Megasespia 28.4 23.03 
Megatylopus 11.8 11.8 
Megoreodon 28.4 23.03 
Menelikia 3.6 1.81 
Meniscodon 48.6 37.2 
Merriamoceros 16.7 16.6 
Merychyus 24.3 24.3 
Merycobunodon 43.9 43.8 
Merycochoerus 25.9 25.5 
Merycodus 20.2 20.2 
Merycoides 27.1 27 
Merycoidodon 39.5 38.6 
Merycopotamus 15.97 11.61 
Mesembriacerus 11.1 8.7 
Mesembriportax 5.33 3.6 
Mesomeryx 44.8 44.7 
Mesoreodon 29.8 29.7 
Messelobunodon 48.6 37.2 
Metacervulus 8.7 5.33 
Metkatius 48.6 37.2 
Metridiochoerus 3.6 1.81 
Metriotherium 37.2 33.9 
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Michenia 22.9 22.9 
Microbunodon 28.4 23.03 
Micromeryx 20 15.97 
Microstonyx 15.97 11.61 
Microsus 51.7 51.6 
Miniochoerus 36.3 36.2 
Miolabis 22.9 22.9 
Miomeryx 37.2 33.9 
Miotragocerus 15.97 11.61 
Miotylopus 30.8 30.7 
Mitilanotherium 3.2 2 
Mixtotherium 55.8 48.6 
Moiachoerus 37.2 33.9 
Montanatylopus 37 36.9 
Morenelaphus 3 1.2 
Moschus 8.7 5.33 
Moschus2 8.7 5.33 
Mouillacitherium 55.8 48.6 
Muntiacus 8.7 5.33 
Mylohyus 7.9 7.8 
Myotragus 3.2 2 
Mytonomeryx 42.5 42.4 
Namachoerus 23.03 15.97 
Namibiomeryx 23.03 15.97 
Nanotragulus 31.1 31 
Navahoceros 2 2 
Nemorhaedus 0.126 0.0115 
Neodiacodexis 48.6 48.5 
Neoentelodon 28.4 23.03 
Neomegaloceros 11.61 5.33 
Neotragocerus 10.7 10.6 
Neotragus 2.59 0.781 
Nesogoral 1.81 0.781 
Nesoleipoceros 0.781 0.126 
Neufferia 48.6 37.2 
Nguruwe 23.03 15.97 
Nisidorcas 11.1 8.7 
Nitidarcus 1.81 0.781 
Norbertia 8.7 5.33 
Nothokemas 24.8 24.7 
Nothotylopus 15.3 15.3 
Notochoerus 5.33 3.6 
Notomeryx 37.2 33.9 
Numidocapra 1.81 0.781 
Nyanzachoerus 11.61 5.33 
Nyanzameryx 15.97 11.61 
Odocoileus 4.7 4.7 
Odoichoerus 33.9 28.4 
Oioceros 23.03 15.97 
Okapia 1.81 0.781 
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Olonbulukia 11.61 5.33 
Olongbulukia 15.97 11.61 
Orangemeryx 15.97 11.61 
Orchonoceros 3.6 1.81 
Oreamnos 0.3 0.3 
Oreodontoides 26.1 25.7 
Oreonagor 3.2 2 
Oreonetes 37 36.9 
Oreotragus 3.6 1.81 
Oriomeryx 22.1 20 
Oromeryx 48 47.9 
Orygotherium 16 13.8 
Oryx 3.6 1.81 
Osbornoceros 11.5 11.5 
Oschinotherium 15.97 11.61 
Otionohyus 37.2 33.9 
Ottoceros 10.3 4.9 
Ourebia 0.781 0.781 
Ouzocerus 11.1 8.7 
Ovibos 0.781 0.126 
Ovis 3.2 2 
Oxacron 37.2 33.9 
Oxydactylus 24.9 24.9 
Oxydactylus2 24.9 24.9 
Ozotoceros 3 1.2 
Pachygazella 7.9 5.33 
Pachyportax 11.61 5.33 
Pachytragus 15.97 11.61 
Pakibune 48.6 37.2 
Pakkokuhyus 48.6 37.2 
Palaeochoerus 33.9 28.4 
Palaeohypsodontus 33.9 28.4 
Palaeolama 2.1 2.1 
Palaeomeryx 22.1 16.6 
Palaeoplatycerus 13.8 11.61 
Palaeoreas 7.9 5.33 
Palaeoryx 8.7 6.8 
Palaeotragiscus 3.6 1.81 
Palaeotragus 22.1 16.6 
Paleolama 2.1 2.1 
Pantholops 0.126 0.0115 
Parabathygenys 37.2 33.9 
Parablastomeryx 22.9 22.9 
Parabos 8.7 5.33 
Parabrachyodus 28.4 23.03 
Parabubalis 1.81 0.01 
Parabunodon 48.6 37.2 
Paracamelus 11.4 5.3 
Paracervulus 8.7 5.33 
Parachleuastochoerus 15.97 11.61 
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Paracosoryx 18.4 18.4 
Paradicrocerus 15.97 11.61 
Paradoxodonides 37.2 33.9 
Paraentelodon 33.9 28.4 
Paragelocus 33.9 28.4 
Parahyus 47.2 47.1 
Paralabis 31.6 31.5 
Paramerychyus 23.03 15.97 
Paramerycoidodon 33.9 28.4 
Paramiolabis 18.1 18.1 
Paraphenacodus 48.6 37.2 
Paraprotoryx 8.7 5.33 
Parapseudotragus 9.7 6.8 
Parastenopsochoerus 33.9 28.4 
Parastrepsiceros 5.33 3.6 
Paratoceras 19.7 19.7 
Paratylopus 34.1 34 
Paraxiphodon 37.2 33.9 
Parestigorgon 3.6 1.81 
Parmularius 5.33 3.6 
Paroreodon 25.6 25.5 
Paroxacron 37.2 33.9 
Parurmiatherium 8.7 5.33 
Parvitragulus 37.8 37.7 
Pavlodaria 11.61 5.33 
Pecari 0.126 0.011 
Pecarichoerus 23.03 15.97 
Pediomeryx 13.2 11.8 
Pelea 1.81 0.781 
Pelorocerus 3.6 1.81 
Pelorovis 3.6 1.81 
Pentacemylus 45.2 45.1 
Perchoerus 34.2 34.1 
Perimia 11.61 5.33 
Phacochoerus 3.6 1.81 
Phaneromeryx 37.2 33.9 
Phenacocoelus 23.5 23.5 
Pheraios 8.7 5.33 
Phronetragus 9.7 6.8 
Pithecistes 33.9 28.4 
Platybos 1.81 0.781 
Platycemas 5.33 3.6 
Platycerabos 1.81 0.01 
Platygonus 9.7 9.7 
Platygonus2 9.7 9.7 
Platyochoerus 33.9 28.4 
Plesiaddax 8.7 5.33 
Plesiomeryx 33.9 28.4 
Pliauchenia 11.8 11.8 
Plioceros 13.1 13.1 
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Pliocervus 8.7 5.33 
Pliodorcas 11.61 5.33 
Plioportax 4.9 4.2 
Poabromylus 42 41.9 
Poebrodon 45.2 45.1 
Poebrotherium 37.9 37.8 
Pomelomeryx 28.4 23.03 
Pontoceros 3.6 1.81 
Potamochoeroides 3.6 1.81 
Potamochoerus 15.97 11.61 
Praedamalis 5.33 3.6 
Praemegaceros 3.2 2 
Praeovibos 3.2 2 
Praepalaeotragus 23.03 15.97 
Praesinomegaceros 5.33 3.6 
Praetragulus 37.2 33.9 
Praetragulus2 37.2 33.9 
Priscocamelus 21.1 21 
Proamphibos 11.61 5.33 
Proantilocapra 11.9 11.8 
Probison 3.6 2.6 
Problastomeryx 22 21.9 
Proboselaphus 0.781 0.126 
Probrachyodus 48.6 37.2 
Procaenotherium 33.9 28.4 
Procamelus 16.9 16.9 
Procamptoceras 3.6 1.81 
Procapra 0 0 
Procapreolus 8.7 6.8 
Procervulus 20 15.97 
Procobus 7.9 5.33 
Procranioceras 13.3 13.3 
Prodamaliscus 11.61 5.33 
Prodesmatochoerus 37.2 33.9 
Prodremotherium 33.9 28.4 
Progiraffa 20 17 
Proleptobos 11.61 5.33 
Prolibytherium 23.03 15.97 
Promerycochoerus 28.4 23.03 
Promesoreodon 33.9 28.4 
Prominatherium 48.6 37.2 
Pronodens 35 34.9 
Propalaeochoerus 33.9 28.4 
Propalaeomeryx 23.03 15.97 
Propalaeoryx 23.03 15.97 
Propotamochoerus 15.97 11.61 
Prosinotragus 11.1 5.33 
Prosthennops 18 18 
Prostrepsiceros 15.97 11.61 
Prosynthetoceras 21.9 21.9 
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Protobison 5.33 3.6 
Protoceras 33.7 33.7 
Protodichobune 55.8 48.6 
Protolabis 20.2 20.1 
Protoreodon 47.3 47.2 
Protoryx 13 11.1 
Protragelaphus 8.7 5.33 
Protragocerus 15.97 15.97 
Protylopus 45.2 45.1 
Psekupsoceros 3.2 2 
Pseudalces 5.33 3.6 
Pseudamphimeryx 48.6 48.6 
Pseudoblastomeryx 25.2 25.2 
Pseudoceras 11.7 11.7 
Pseudocyclopidius 33.9 28.4 
Pseudodama 3.2 2 
Pseudodesmatochoerus 28.4 23.03 
Pseudoeotragus 16 16 
Pseudogelocus 33.9 28.4 
Pseudogenetochoerus 23.03 15.97 
Pseudois 0 0 
Pseudolabis 25.2 25.2 
Pseudomeryx 33.9 28.4 
Pseudomesoreodon 23.03 15.97 
Pseudoparablastomeryx 19.2 19.1 
Pseudoprotoceras 42.3 42.3 
Pseudoryx 0 0 
Pseudotragus 13.65 11.61 
pTajacu 0.126 0.011 
Pudu 0.126 0.0115 
Qurliqnoria 11.61 5.33 
Rabaticeras 1.81 0.781 
Rakomeryx 17.7 17.7 
Rakomylus 15.2 15.2 
Rakomylus2 15.2 15.2 
Ramoceros 15 15 
Rangifer 3.4 3.3 
Raoella 55.8 48.6 
Raphicerus 5.33 3.6 
Redunca 8.7 4.2 
Rhagatherium 48.6 37.2 
Rhynotragus 3.6 1.81 
Robiacina 48.6 40.4 
Robiatherium 40.4 37.2 
Rupicapra 0.781 0.126 
Rusingoryx 0.126 0.0115 
Ruticeros 11.61 5.33 
Rutitherium 28.4 23.03 
Saheloryx 11.61 5.33 
Saiga 0.781 0.126 
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Samodorcas 8.7 5.33 
Samokeros 11.61 5.33 
Samotherium 15.97 11.61 
Samotragus 13 11.61 
Sangamona 0.126 0.0115 
Sanitherium 15.97 11.61 
Saotherium 5.33 4 
Schizochoerus 15.97 11.61 
Selenoportax 11.61 5.33 
Sespia 29.8 29.7 
Shaanxispira 11.1 8.7 
Siamotherium 48.6 37.2 
Siamotragulus 17 16.6 
Sigmoceros 2.59 0.781 
Simatherium 5.33 3.6 
Simimeryx 40.9 40.9 
Simojovelhyus 28.4 23.03 
Simpsonodus 55.7 55.6 
Sinapocerus 11.1 8.7 
Sinclairomeryx 22.9 22.9 
Sinocapra 4.6 4.6 
Sinohyus 11.61 5.33 
Sinomegaceros 3.6 1.81 
Sinopalaeoceros 23.03 16.9 
Sinoreas 7.9 4.9 
Sinotragus 11.1 5.33 
Sivacapra 1.81 0.781 
Sivachoerus 11.61 5.33 
Sivacobus 1.81 0.781 
Sivadenota 1.81 0.781 
Sivahyus 11.61 5.33 
Sivameryx 28.4 23.03 
Sivaportax 3.6 1.81 
Sivatherium 11.61 5.33 
Sivoreas 15.97 11.61 
Soergelia 0.6 0.6 
Sogdianotherium 3.2 2 
Sperrgebietomeryx 23.03 15.97 
Sphenophalos 11.1 11.1 
Spirocerus 3.2 2 
Sporadotragus 8.7 5.33 
Stenomylus 24.8 24.8 
Stenopsochoerus 37.2 33.9 
Stephanocemas 20 15.97 
Stibarus 37.9 37.8 
Stockoceros 0.9 0.9 
Strogulognathus 15.97 11.61 
Stylochoerus 1.81 0.781 
Subantilocapra 5.33 3.6 
Subdesmatochoerus 33.9 28.4 
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Subdromomeryx 18 17.9 
Submeryceros 17.6 17.6 
Submerycochoerus 23.03 15.97 
Sus 11.61 5.33 
Sylvicapra 0.781 0.126 
Symbos 0.781 0.126 
Synaphodus 33.9 28.4 
Syncerus 3.6 1.81 
Syndyoceras 22.6 22.6 
Synthetoceras 18.8 18.8 
Tanymykter 22.4 22.3 
Tapirulus 48.6 37.2 
Tapochoerus 42.9 42.8 
Taucanamo 23.03 15.97 
Tauromeryx 15.97 11.61 
Taurotragus 3.6 1.81 
Tayassu 14.9 14.8 
Tayassu2 14.9 14.8 
Tchadotragus 11.61 5.33 
Telmatodon 28.4 23.03 
Teruelia 24.1 20 
Tethytragus 15.97 11.61 
Tetracerus 0.126 0.0115 
Tetraconodon 11.61 5.33 
Tetrameryx 3.6 3.6 
Texoceros 11.3 11.3 
Texodon 43.6 43.5 
Thaleroceros 0.781 0.781 
Thandaungia 48.6 37.2 
Thaumastognathus 37.2 33.9 
Thinohyus 28.8 28.7 
Ticholeptus 22 22 
Titanotylopus 4.4 4.3 
Toromeryx 46.6 46.5 
Torontoceros 0.126 0.0115 
Torticornis 8.7 5.33 
Tossunnoria 15.97 11.61 
Tragelaphus 11.61 5.33 
Tragocerus 9.7 8.7 
Tragoportax 8.7 5.33 
Tragoreas 11.61 5.33 
Tragospira 1.81 0.781 
Tragulus 0.126 0.0115 
Triceromeryx 17 16 
Trigenicus 37.8 37.7 
Trilobophorus 3.6 1.81 
Tsaidamotherium 11.61 5.33 
Turcocerus 13.7 13.7 
Turiacemas 7.9 6.8 
Tyrrhenotragus 8.7 5.33 
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Udabnocerus 9.7 8.7 
Ugandax 5.33 3.6 
Ulausuodon 48.6 37.2 
Urmiabos 11.61 5.33 
Urmiatherium 13.8 11.61 
Ustatochoerus 15.97 11.61 
Vicugna 0.781 0.126 
Vishnucobus 1.81 0.781 
Vishnumeryx 2.58 0.6 
Vishnutherium 11.61 5.33 
Walangania 23.03 15.97 
Wellsiana 3.6 1.81 
Xenohyus 23.03 15.97 
Xinjiangmeryx 37.2 33.9 
Xiphodon 48.6 37.2 
Yakopsis 3.6 1.81 
Yumaceras 11.8 11.5 
Yumaceras2 11.8 11.5 
Yunnanochoerus 11.61 5.33 
Yunnanotherium 11.61 5.33 
Zarafa 23.03 15.97 
Zephyreduncinus 11.61 5.33 
Zhailimeryx 48.6 37.2 
 
